AONUNY ND

0°7 NPOOR N2YA 71vona Moy MInK
NTRIPR N1DMXY InxNT oy

W N

IWON WY TOINN NIBON
on
DASSASO  nywn




VYo

D1IMIPRA G0N Y09 NTNN P APNIN NYNY NDMP DM APIOXR NIIYL WON ION Tonna
“2¥) 37390 MIND NN NYTINA ,DNYYN 1725 P2WaNN MM DIPRA NYTIN T I P-9y) M1

N2 SY MPHNT DR IROYA 73 97

INIYN DY n9DON mMynenn 7Y T7N2 ANBN NN NIWONNA NNON PNAY N TR mMon
MIPIX DY ,NNN I NN DY OHMIVNN TWONY MW 93 T3 yIDYHN MPHN Ny

JWOINN PNINK PP AWYNRY NP MIINN JNPN

MY MYINDNI IVYDIND APIDRN MPHNY 7WaNT MYy W DWW NIWHA NIDILAIN mna
JWONN TV MINDMLAIN Y¥IN NUNIN PPN NPT NI MEDPOAINA YT DTN
V29 .DM0N TN MM WIN W PANNNY RN NN 90 ©731 Syn POWANT MIND NP2
TPINT WU 30T NOONN 2IWOM DN T 0991 ,MANWR NYYOR 12390 S99 S1Tnn
AN DTN OIWN NITIBN OINOPY NIIN NP VDY AW 112 IPSPIDVNINA NOW PMN“Yenn
D/IND DAPN D/2937 - #IIPNY : DIVIR DYWL YIMY 1YY MPHRA MR . AoYnn MPHN
AN MINON DV NRDN APIDR-IN - N NAPNRI ,WATID MDY NPIDN PN Nownd - voyar
YNRYN 21710 MNM MARYN DY MYPN MYNINN TWND DN DYWIN 280N Y8INN 9 Tina
N2 NTIAY2 NPV NIW NWATIN MM AIPODNM IR NIY 1901 0N 09N STT0 S9N MIND
TARYD DX MIPY 707 100 AINYD NN 1NN KON, MYPNN MMSIPAY SMA2IN0R 28N Dwy)

MIOPYPNAN NN

Moy :ONNYN DY Sy NP NN THNYN DVAN NN DY DNV 1000 N OO9YNID Ny
OINAN G0N Y0590 NN N2 PONKY DN MISPNAN MM . APIONRN MPHIX INWY S1wann

VD N NIPAN DTN .MIPAN SITNa VI MYSHN2 NIVONTN NK Y NMoNN Nanan
2PY MIDINHDN NIMNAD NN D392 1IN DY FAANNM ,NHN 1A12 FPSDIVIND TION2 vInwy
" N9YRY DMININ G0N Y0791 NIV INNRD XN 71T TN . DPNIPN DMPY

IRA T WIPY CWANN MRN T DY MUONN NYapa WIUn DYYTINN YISl vinw
DNV DINIPINI ATHY TIN NOWHRN 2Wan ¥ ,WaTIin omonn

POMNOT OMNN) D02 DY NOYONT MINSIN AN NPSM TPSTDIVAINA IION AN IYHRR 1t ATI2Y
DYDVIVN DINONY NPR L1232 NN IINN DD NPION NN AN»NRN




Reliability and Efficiency
In Operating a Water Supply System
With Adjustment to Random Demands

Research Thesis

i

Submitted in Partial Fulfillment of The
Requirements for the Degree of
ster of Science in Engineering and Management of Water Resources

Tamar Shor

Submitted to the Senate of
the Technion - Israel Institute of Technology

lyar, 5763 HAIFA May 2003




Abstract

Introduction

High quality of service and low costs are the main objectives of operating a water

supply system.

L The quality of service is measured in this work by the ability of the system to supply

the required amount of water at sufficient pressure at any time. The probability that
the quality of service will be maintained defines the reliability of the system. In order
to increase the system’s reliability, there is a need to preserve emergency storage in

the reservoirs, which will compensate for loss of pumping capability in case of a

failure. - ¢

Low cost is achieved by decreasing the cost of electricity consumed by the pumping
stations. Using the reservoirs as buffers to shift the pumping from high electricity
tariff hours to low ones is one of the moét efficient methods to achieve this goal. The
“ more storage is available for performing this shift, the more money can be saved.
There is a competition between the above mentioned objectives: on the one hand, high
water levels increase the reliability, on the other hand, electricity costs are lowered by

emptying the reservoirs at high electricity tariff hours.

This stady. presents a method to help optimizing the trade-off between high reliability
and low costs. A model using a combination of an optimization program and a
reliability assessment program is developed to show the implications of deciding upon
the operational storage in the reservoirs. An automatic control program is developed
to simulate the implementation of the optimization program as a real-time operation

tool, handling random demands.

The optimization program

The optimization program, based on linear programming, determines a least-cost
schedule of pumping based upon predicted demands in a given planning period. The

model is based on the following assumptions:

The whole water distribution system acts as one pressure zone, where water can be

supplied from any reservoir in the system to each demand node. This allows summing

all the reservoirs to one.
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A program that forecasts future hourly water demand is available for the system.

The pumping rate and the specific energy demand of the pumps are close to their

nominal values, and are not influenced by pressure fluctuations in the system.

Electricity tariffs are identical at all pumping stations; there are three tariff levels at

different periods of the day.

Prior to running the program, the user defines a preferred value of operational storage

Jallowed in the reservoirs. Using this given value as a constraint on the minimum level,

the program calculates the pump scheduling, the operational costs and the forecasted

levels in the reservoirs at the beginning of each hour.

The optimization outputs for a theoretical system are demonstrated in figures 2-8 for

. ; . ]
different values of operational storage.

Figure 9 depicts the results in a graph of costs vs. operational storage.

The reliability assessment program |

A failure event is defined in this study as a situation in which the system fails to

supply the needed amount of water to the consumers.

A fault event is a problem in one or more of the pumping units, which causes loss of

pumping capacity in the system.

The reliability assessment program scans the planning period to find whether a fault
event at any hour causes a failure in the system, based on the predefined valug of

operational storage allowed in the reservoirs.

The inputs to this program are the full and residual pumping capacity, the duration of
the fault event, the storage in the reservoir at the beginning of the event, taken from

the optimization program output, and the forecasted hourly demands.

The algorithm is based on the assumption that once a fault event happens, the system
switches to emergency mode. In such cases, all the residual pumping capacity 1s used

to try to prevent failure of the system, i.e. shortage of supply.

The outputs of the program are the failure events for the given operational (minimal)

Storage and the loss of pumping capacity, in terms of “failure duration” and “amount

of shortage during the failure”, for every hour in the planning period.
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The trade-off between operational costs and reliability for different values of the

operational storage is demonstrated in figures 14 and 15.

The automatic control program

Modern water supply systems are operated remotely by control centers. In the control
center the system is monitored, data are gathered and archived, demand forecast

programs are operated and real-time operation programs are implemented, by sending

operational commands to pumping units and electric valves.

Control program use reservoir levels as the triggering mechanism for turning pumps
on and off: when the level drops below an "operate" level the pump is turned on, and
when it rises above a "shut-down" level the pump is turned off. In conventional
control systems these levels ‘aré hard-wired and remain fixed. In moré advanced
modemn system, these levels are set in software, which can modify the "on" and "off"

levels depending on various conditions that evolve with time.

The optimization program serves as a guideline for setting the on-off levels in the
control program. The optimization is based on a deterministic model, is generated in
advance and cannot react to unpredicted fluctuations in the demand. The control
program must handle stochastic demands to adjust the operation and to prevent

overflowing or emptying the reservoirs.

The success of the combined optimization and online control programs depends on

the following:

»

Accurate water meters and level meters that are installed in the pumping units and the

reservoirs, respectively.

Stable, error free bidirectional communication between the control center computers

and the end units.

Historical database, which preserves hourly water demands, water levels and flow

information is needed for demand forecasting and post factum operation assessment.

The human factor is crucial in successful implementation of such programs. Lack of

confidence in the program’s instructions may result in manual interference with the

automatic operation, or reduction of the operational storage, in order to maintain a

confidence level.
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The initial state for the control program is the level generated by the optimization
program. Once there is a change from the conditions assumed in computing the
optimal operation plan, the reservoir level will deviate 'from the planned value. As
long as the deviation between the planned water levels and the actual ones is below a
certain threshold, the optimization program results can continue to serve as the control

program. Otherwise, the control program has to activate or deactivate pumps, in order

to move towards the planned water level.

The model introduced in this thesis is designed as a simulation program. The actual

hourly demands are randomized around the nominal values, and made higher than the

estimated demand, on the average by 20%.

The simulation is run for 48 hours. It uses the results of the optimization program, for

an operational storage of 450 m3. Figure 16 presents the control interface of the

program and Figure 17 contains the hourly results of the simulation.




